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Comparison of tunica media thickness showed that renal arteries from RCC cases were significantly thicker when compared with distal parts of renal arteries in the control group (p=0.0002). Although renal artery samples from cases with necrotic tumor areas were thicker than those without tumor necrosis, the difference was not statistically significant.
It is concluded that significantly thicker tunica media characterized renal arteries in the group of patients with RCC when compared with the control group.
Tomic et al 3 INTRODUCTION:
Renal cell carcinoma (RCC) accounts for 1%-3% of all human cancers and over 90% of malignant renal tumors in adults. It is 2-3 times more common in men, and the average age at diagnosis is 55-60 years [3, 15] . Tobacco smoking, obesity and hypertension are considered as the most important risk factors [1, 3] . Although hypertension is a wellknown risk factor in patients with RCC, it can also represent a paraneoplastic symptom of the tumor itself [7] .
The major prognostic factors for the outcome of RCC patients are tumor size, histological type, nuclear grade, stage of disease, and metastatic dissemination [2] . Recently, the presence and extent of tumor necrosis are also considered as a predictor of more aggressive tumor behavior and poorer prognosis [6, 17] . The majority of authors suggest that decreased tumor microvessel density leads to chronic hypoxia of the tumor tissue, which then causes coagulative necrosis [10, 17] . However, some authors suggest that pathologic changes in renal arteries could also be responsible for tumor necrosis in RCC [11, 20] . Different lesions, most frequently atherosclerosis, and less commonly fibromuscular dysplasia (FMD) or some other conditions such as Takayasu arteritis, radiation injury and congenital malformations [15] , may affect the main renal artery. Atherosclerosis is a generalized progressive arterial disease associated with localized arterial occlusions that accounts for 90% of cases of renal artery stenosis. It usually involves the ostium and the proximal third of the main renal artery and perirenal aorta [15, 16] .
Arterial FMD is a non-inflammatory, non-atherosclerotic, occlusive condition of systemic arteries with predilection for renal and internal carotid arteries [19] . FMD of Tomic et al 4 renal arteries is bilateral in nearly half of patients, and more common on the right side (3:1); it is usually diagnosed in the fourth decade, with female predominance and most frequently affecting the distal two thirds of the renal artery and its branches [15, 16] . The exact incidence of FMD is not known due to a large number of asymptomatic cases, however, an autopsy study showed an incidence of 1% [9, 12] . Intimal, medial and adventitial FMD are three major pathologic subtypes of FMD.
Although RCC is connected to hypertension and there are some suggestions that renal artery changes could be responsible for tumor necrosis in patients with RCC, the exact nature of this relationship is not fully understood.
The aim of this study was to analyze morphometric parameters of renal arteries (longest diameter and thickness of arterial tunica media) in patients with RCC, and to compare them with a control group of patients without RCC to gain additional, more objective, information about relationship between RCC and renal arteries. not disclose any malignant disease in the control group, and causes of death were nontumour diseases (heart failure, pneumonia, pulmonary thromboembolism). Measurements of renal arteries in the control group were performed on sections from 32 renal arteries.
One block from distal part and one block from proximal part was morphometrically analysed in all 32 renal arteries.
FMD was classified into three principal pathological types: intimal, medial and Tomic et al 6 adventitial FMD [12] . Medial type (type II) was subdivided into three subtypes: medial "muscular" hyperplasia (type IIa), medial fibroplasia with aneurysms (type IIb) and perimedial fibroplasia (type IIc) [4, 13, 19, 23] .
Specimens from both groups of patients were equally processed; first routinely fixed in 10% buffered formaldehyde, embedded in paraffin, cut at 5 µm and stained with haematoxylin-eosin and orcein, and examined by light microscopy.
Morphometric analysis of longest diameter and thickness of renal artery tunica media on adequate sections was performed by use of a JVC TK-1270 video camera, Leica Diaplan microscope and Issa 3.1 computer software (Vamstek 2002, Zagreb, Croatia). The longest diameter was measured from adventitia to adventitia, and thickness of tunica media from elastica interna to elastica externa using slides stained with orcein ( Figure 1A and Figure 1B ). In the group of patients with RCC one bloc per case was evaluated, because after nephrectomy only short distal segment of renal artery was available for histologic analysis. In both groups we used 3 measurements per case and then counted mean value.
Mann-Whitney U test was used on statistical analysis. The level of significance was set at p<0.05.
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In the study sample of 39 RCC cases, there were 24 (61.5%) male patients aged 38-74 (mean 57.2) years and 15 (38.5%) female patients aged 35-74 (mean 53.6 years).
Pathologic changes of renal arteries were found in 24 renal artery sections (M:F=12:12), whereas 15 (M:F=11:4) cases were free from pathologic changes of renal artery samples.
Out of 24 cases with renal artery changes, renal artery atherosclerosis was recorded in 6 (M:F=4:2) and FMD in 18 (M:F=8:10) cases (Figure 2A , Figure 2B and Figure 2C ).
Results of morphometric measurements of renal artery longest diameter and tunica media thickness in the group of RCC patients are shown in Table 1 . Statistical analysis yielded no significant difference in renal artery longest diameter or media layer thickness between the patients with renal artery lesions (FMD or atherosclerosis) and patients without renal artery lesions (p=0.885 for diameter and p=0.828 for media thickness, p=0.213 for longest diameter and p=0.087 for media thickness, respectively). In the control group, pathologic changes of renal arteries were found on 17 (53.1%) sections from proximal parts of renal arteries and only 6 (18.8%) sections from distal segments of renal arteries. All changes observed on both distal and proximal sections were atherosclerotic, whereas FMD was not found at all. Measurements of distal and proximal sections in the control group are presented in Tables 2 and Table 3 . Statistical analysis revealed no significant gender differences in renal artery diameter and tunica media thickness in either distal or proximal segments of renal arteries (p>0.05).
Comparison of renal artery diameter and tunica media thickness between sections without lesions and those with atherosclerosis within the control group yielded no statistical significance for either distal or proximal segments (p>0.05).
Longest diameter of distal segments of renal arteries in the control group was slightly wider when compared to renal arteries with RCC but the difference did not reach statistical significance (p>0.05). However, comparison of tunica media thickness showed renal arteries from RCC cases to be significantly thicker when compared to distal segments of renal arteries in the control group (p=0.0002). Comparison of tunica media thickness between renal artery sections with atherosclerosis from RCC group (median 622.63 µm) and distal sections with atherosclerosis from the control group (median 434.37 µm) yielded a statistically significant difference (p=0.019). A statistically Tomic et al 9 significant difference was also found when tunica media thickness of sections without pathologic changes on renal arteries from RCC group was compared to sections of distal parts without pathologic changes in the control group (p=0.010).
DISCUSSION
Although the present as well as previous studies [11, 20] pointed to a high rate of renal artery lesions in RCC patients, we found no significant differences in renal artery diameter or media layer thickness between renal arteries without changes and those with FMD or atherosclerotic lesions. This finding was not unexpected since our study of the control group as well as other studies [4, 12, 16, 19] showed renal artery changes to be mostly segmental, with only a small part of renal artery being available for sampling and histological examination after radical nephrectomy due to RCC.
However, when renal artery sections from the group of RCC patients were compared to distal segments of renal arteries from the control group, we found that tunica media was significantly thicker in the group of RCC patients. The difference in media layer thickness was also present when only sections with atherosclerosis from both groups were compared, as well as on comparison of sections without pathologic changes. These results suggest that renal arteries in RCC patients are changed, with a thicker tunica media that can narrow arterial lumina and influence arterial blood flow.
According to some authors, necrosis in RCC is attributed to a decrease in microvessel density and immaturity of microvessels with the possibility that tumor necrosis is a consequence of acute hypoxia [10, 17] . However, the exact pathogenesis of tumor necrosis as well as the cause and nature of renal artery changes and the possible impact Tomic et al 10 on tumor necrosis have not yet been fully clarified [11, 17] . We observed an increase in media layer thickness in the group of RCC patients, with the presence and increased extent of tumor necrosis (no necrosis: less than 50% necrosis: more that 50% necrosis= 499.4 µm: 531.4 µm: 657.3 µm), however, the differences were not statistically significant. Concerning a relatively small number of cases without tumor necrosis and a small number of cases with more than 50% tumor necrosis in the present study, the hypothesis that renal artery changes induce necrosis or influence the extent of tumor necrosis should be further analyzed (in larger series and in comparison with microvessel density).
In the hypertensive population, high blood pressure is manly attributed to atherosclerosis, whereas renovascular FMD is considered to be the cause of hypertension in less than 2% of patients [23] . In patients with renovascular hypertension, FMD is the underlying cause in 20%-50% of cases [12] . Hypertension has been implicated as a risk factor for the development of RCC, but also as a paraneoplastic manifestation of RCC [1, 7, 18] .
Hypertension has also been implicated as a risk factor for increased mortality from RCC [5, 8] .
Due to the asymptomatic nature in a large number of cases and inadequately sensitive imaging methods, the true incidence and prevalence of FMD in the general, healthy population and in patients with hypertension or RCC remains unknown. The best method for detecting renal artery stenosis is digital subtraction angiography, however, the usage of this method in daily routine is very rare, in patients with renal tumor in particular [14, 22] .
Based on our results, we may conclude that significantly thicker tunica media microphotographs were stained with haematoxylin and eosin, magnification 40X.
